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ABSTRACT 


For about a year, the MIT-OMR Van de Graaff generator has 
been in operation. It is capable of accelerating charged particles 
to energies of about 8.5 Mev and of supplying beam currents of about 
0.3 Microamere. The generator accelerates the particles vertically 
dowmard into a deflecting mignet which acts as a momentum filter 
and deflects the beam particles through 90 degrees. The particle 
beam then travels horizontally through a collimating slit system to 
impinge upon a thin target. The energy spectrwa of the product par 
ticles emerging at 90 degrees to the incident beam is amulyszed by 
means of an annular mgnetic spectrograph which emloys 180-degree 
focusing. The particles are detected by observing the tracks mde 
on nuclear emulsions. The tracks are counted under a microscope; 
the number of particles is plotted versus diameter of curvature; 
and from these plots, the energies of the particle groups are com 
puted. The energy of the incident particles is determined by mas- 
uring their deflection after they have been elastically scattered 
from a known target nucleus. 


The above eq - was used to investigate energy saves in 
V52 by the V5l(d,p)v5e reaction. The energy—level system of V 

had previously been investigated, mainly by Bartholomew and Kinsey“ 
by means of the yol(n, v)voe reaction. marngen, (d,p) reactions were 
reported by DavidsonS, Harvey8, and Abramov!. 


The targets employed in this survey were made by evaporating 
thin layers of pure vanadium onto Formvar backings. Special hard- 
ware and techniques were developed for the target~preparation proc- 
ess which should be of value in evaporating other high-melting point 
or scarce mterials. 


The energy spectrum of the product protons was analyzed and 
proton particle groups oppreapention to the ground state and nine- 
teen excited levels in V’* were found in the range of excitation 
energies from zero to about 3.3 Mev. Of these levels, eight were 
previously unreported. 
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These results are tabulated as follows: 


Relative , Q-Value Level Value 
Group Intensity in Mev in Mev 
Ground 0.93 5.072 + 0.008 0 
1 0.36 49h + 0.008 0.131 + 0.011 
3 0.07 b 654, ‘ 0.008 0.418 + 0.012 
3 0.50 h.292 + 0.008 0.780 + 0.011 
b 0.75 4.238 + 0.008 0.834 + 0.011 
5 0.21 3-670 + 0.008 1.402 + 0.011 
6 0.13 3-597 + 0.008 1.475 + 0.011" 
7 1.00 3.527 + 0.008 1.545 + 0.011 
8 0.50 3.319 + 0.008 1.753 + 0.011" 
9 0.18 3-287 + 0.008 1.785 + 0.011 
10 0.13 2.98h + 0.008 2,088 + 0.012 
11 0.h0 2.765 + 0.008 2.307 + 0.011" 
12 0.39 2.657 + 0.008 2.h15 + 0.011 
13 0.10 2.614 + 0.008 2.458 + 0.012 
1 0.22 2.547 + 0.008 2.525 + 0.011" 
15 0.21 2.22), + 0.008 2.848 + 0.011 
16 0.21 2.070 + 0.008 3.002 + 0.011" 
17 O.h1 2.021 + 0.008 3-051 + 0.011% 
18 0.52 1.883 + 0.008 3-189 + 0.011* 
19 0.29 1.766 + 0.008 3.306 + 0.011" 


*Previously unreported. 
, Thesis Supervisor: ®. ®. Buechner 


+ 
For Eq = 57h Mev Associate Professor of Physics. 


ieee 


a 


al 


ve 





| 
aol 


eve 





« 








7 


SLEPEQECERPERS 2 fe 
re 


eaee 





J 


ve Jf.2 = 6a 10T 


TABLE OF GONTENTS 


ACKNONIF DOME NTS 
ABSTRACT 
Ie INPRODUCTION 


TI. APPARATUS AND EXPERIMENTAL ROCEDIME 
Part Ae Equipment 
Part Be Experimental Procedure 
Part C. Target Preparation 


ITZ. TMEORY AND COMPUTATIONS 
Peart Ae (d,p) Theory 
Part Be Computations 
Part C. Survey of Impuritdes 
Part De Prebable =rrors 


IV. RESULTS 
Fable I 


BIBLIOGRAPHY 


a Gwe we py 


37 


areaeteoes te 84068 





e 
' 


ae retes epee 





a 


ah 


Ie INTROVUCTION 

At the present time, a large continuing problem in the field 
of muclear physics is the accurate determination of miclear energy 
levels. To date, no theory can correlate these levels. Therefore, 
in general, the collection of accurate rmclear data is continued in 
the hove that the data will point the way to an adequate theory of 
miclear forces. 

For several years, the Mv. I. T. air~-inaulated Van de Graaff 
generator with its ammlar mgneatic spectrograph for particles emrg- 
ing at 90 degrees to the incident beam provided a most productive 
method of accurate energy-lovel cetermination. The spectrogravh 
provided a mans of analysing the energy of the rreduct particle 
groups te an aceurecy of 0.1 percent. The energy of the bomberding 
particles was well-defined and regulated so that thin targets would 
yield clearly defined emergent particle energy groups. 

However, @ major limitation of this air-insulated generator 
wae the mximm bean energy available; about 2 sev. This low energy 
limited the field of investigation to fairly light nuclei. 

Within the past year the VIT-OMR generator haa been placed 
in oneration and has operated at, energies in exeess of 8 ter. 
Professor Huechnsr encouraged us to mike & oreliminary investige- 
tion of medium to high~etoulc-mambered elemnts to deternine what 
special problems might be encountered in thie wtried region. Since 
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time was a limitation in our rroblem, we confined our stuty to 
elements which are largely monoisotopic in nature. “e succeeded 
in ming workeble targets of tantealun, cesium, and vanediue and 
did a small amount of preliminary work on ezch. Ovr conclusions 
were that satisfactory energy surveys in this region were possible 
but wuch more complicated. 

For our contribution, we chose to investigate nuclear levels 
fn vanadium using the (d,p) reaction, because it presented various 
intriguing technical challences; furthermore, current literature has 
shown recent interest in this element. Of the several ways thet 
data for a reaction can ba collected, we measured the number of 
emrgent nrotone at 90 degrees to the ineident deuteron bean versus 
emergent proton energy for various fixed deuteron input energies. 
With these data, we calculated (-velues and energy levels for ye 
using a standard mathemetical technique. 

The investigation of levele in V°* proved to be most inter- 
esting, challenging, and fruitful. In fact, so many proton gronos 
were found that we were forced to interruct our survey at an exci- 
tation energy of about 3.3 Mev in order to anglyze and present our 
data within the time allotted to us. 
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IIe APPARATUS AND CAPERIMISTAL PROCEDURE 


The general preeedurs followed in the Laboratory in doing a 


maclear reaction of this sort is to bombard a target with a deuteron 
beam of definite energy and to analyze the energy of the protons 
which emerge at 90 degrees to the incident beam. If the target is 
sufficiently thin so that the energies of incident deuteron and 
emerging protons are not greatly "straggled" in passing through the 
target material, the energing particles are found to occur in grows 
of definite energies. These groups correspond to definite levels of 
excitation in the residual nucleus. 

The mjor equipment wed in this problem was the LTT-OMR 
Van de Graaff gererator, a deflesting mpnet, a collimting slit 
system, and the annuler magnetic spectrograph. Figure 1 shows the 
general layout of equipment in the target room. , 


MIT~OIR Generator. The principles of operation of the Van 
Ge Graaff gencrator are vel] known. The cutstanding characteristics 
of this accelerator are thet it is able to deliver eae particle hean 
of about 1.0- te &.c=lev energy ani ahout 0.3} miercamere intensity. 
Fircure 2 shows a cutaway of the generator. 


deflecting Magnet. The deflecting magnet (see Figure 1) 
serves @8 a momentus filter for the bombarding rarticles. The 
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Figure 2. This shows a cutaway of the ONR accelerator 
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gererator accelerates the particles vertically dowrmard into the 
deflecting magnet where they are deflected through 9C degrees (vien 
the generator is at the oroper voltage) into the slit system. of 
course, the nase of the bonbarding particle 1s known so that the 
momontun filter acte ag an energy filter. Thus, the deflecting 
menet in conjunction with the slit system serves to define the 
erergy of the beam current. 


Slit System. The particle bean after passing through the 
deflecting menet, travels about 5 feet horizontally where it passes 
through an energy-control slit set at about 1 millimeter. It then 
enters 6 rectanguler slot cut in the firet pole plece of the spec 
trograph where it passes an enorgy—iefining slit, which is a hori- 
sontal slit about 1/2 ma wide. The bean then paeses through the 
target located in the pole face gap. The purpose of the slit 
system is to define the beam, limit its energy spread, and supply 
& corom-control signal for gemrator voltage control. 


Spectrograph. Thea srectrograph, see Figures 3 and |:, which 
has been described in detail by serait ?? provides a wmiform mr- 
netic field whose lines of flux are parallel to the incident beam 
and extend over an amuwlar rezion of man diamter 70 centimters 


arn! about S centimeters in width. 
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Figure 3. A view of the spectrograph, deflecting magnet, and 


collimating tube. 
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Appended to the svectrograph at the bottom iv the target box 
ehich houses a rotable wheel, on which seven targets my be mounted 
redially. Thus, seven targets are available for use without break 
ing vacuum. The target is so placed that its normal lies about 
haliway between the direction of the incident beam ani that of the 
charged particle emerging at 90 degrees. 

Diametrically opposite to the slot cut to admit the incident 
beam and target holder, a secomi slot cut in the pole pieces pernits 
the insertion of the photogrephic plates used in detecting the charged 
reaction products. The plates are placed in the field so that the 
Jength lies vertically along the diameter of the mygnet. Thus, a 
plate covers a momentum region corresponding to the product of the 
field and one-half of the effective length of the plate. The fir 
covered by a plate 1s variable depending upon the region; at tir of 
about 1,50 ktlogauss~centimeters, the plates covered about 29 ktlo- 
gauss centimeters. The plates are positioned at about 30 degrees to 
the plane of the vdle pieces. A platehoLier, which holds five plates, 
slides in the camera box and allows for successive exposure of these 
plates without breaking vacuum. 

In congunetion with the onmera box is a Light and slit sys- 
tem which can cause a sharply defined lisht beam to shine againat 
the back of the photegraphic plate whan the plate is in the expose 
wre position. ‘This index mrks the exact porition of the plate in 
the magnet. Therefore, the distance of a particle grow from the 
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imiex mark is the anount the diameter of curvatwe of the grou is 
reduced from the calibrated diameter to the index mrk. 

Comecting the target chasber with the camra box is the 
"0" chamber which is a 180=-degree annular vactmm box, rectangular in 
Cross section, that 1s slipped between the pele faces of the menet. 
Yt is throuch this chember that the provuct particles trevel from 
the target to the photographic plates. 

The target exposure is masured by an integrating circuit 
develoned ty nce’. Most of the particle beam continues through 
the target, through a rectangular slot in the second pole piece to 
be collected in # biased Faraday cage, ant then integrated. 


_ Aueiliary fquipaent and Calibration. The photographic plates 
were Eastman Kodek HTA emulsions of 60-micron thickness. They were 


counted by means of @ Spencer dark-field, binocular microscope, in 
which 12X eyepiecesa were used. The objective lens was 20K or h3x. 
With 20% objective, the field of view on the photogrerhic plate was 
one-half millimeter by one-half millimeter. For a given setting 

along the length of the plate, counts were taken across the read- 

able width cf the plate. 

The seperation of the beam line on the target from the index 
mark on the photographic plate is reassured by mans of a polonium 
Gipha-standard. A poloniwumcosted wire is placed approximtely in 
the target position. The Mell is set an! a plate exposed. A 
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microscopic measurement of the separation of the beam line fron 
the polonium wire is made by avuecessively positioning a bombarded 
target and then the polonium wire in the field of the microscope. 
The separation of the alpha-croup from the index, the field setting, 
and the separation between the wire and the beam position cive a 
measure of the diamter from beam to inijex. 

the magnetic field is adjusted and measured by the nuclear 
mignatic~-momnt resonance method. This mthod consista essentially 
of measurins the frequency at which Quantum jumps of the orilenta- 
tion of the menatic moments of ta! or a proten eecur in &n squeous 
solution of I4Cl. The LiCl 1s contained in a smell glass capsule 
positioned in the center of the pole face gap. A secondary stani- 
ind te ant fe fee sees. Th te "a wet" daily 
against one of the broadcast frequency standards of Bureau of 
Standards station MXY. | 


Part BR. Experimental Procedure 
The experimental procedure which was followed was roughly 


and briefly as follows. 
The energy of the bombarding deuterone was established by 
setting up the desired mpmetic field in the deflecting menet. 
The exact energy of the deuterons was measured vrecisely by 
expesing @ photegranhic plate to observe elastically scattered 
deuterons fron known target muclei. (For E; = 5.00 Mev, and 
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ig = Seth Mev, v2 wae used for thie neasurement; for Bq = 6.18 
wev 07 was uned.) | 

After the elastic plate had neck taken, sucesssive survey 
plates were exposed; the deflecting magnet netting wae left uniie- 
turbed, and adjustments were mide only to the spectrogranh mepnetic 
field between runs. 

The plates were developed and read, and the data were plotted. 
The experience of the Iaboratory has shosn that the best ordinate 
for energy deteraination corresponds to a point 1/3 of the way up 
on the high-energy side of a peak. This ordinate seems to remin 
vonstant, regardless of target thickness or target exposure. 
"The @alevlations were then mde, as discussed in Part ITT. 

The bosbarling energy was chosen subject to several govern- 
ing factore. A good epprovimation for barrier height fe 
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This shows that the Coulom barrier is about 6.2 Mev for vanediun, 
so that it was desirable to have an energy cf roughly that anount 
to minimise exposure tine. ‘fe were limited at the upper end in 
boabarding energy by the fact that the spectrograph cannot be set 
wp to analyte particles with momentum greater than that correspend~ 
ing to a value of lir of 179 yt tngnuge-soutiantere » bacause the 


“tt 


Bi.d = gh Set pA abut wr) tears ae PW ey ae ey 
P eee 
rue evicamas wie) noe! bel sale aldeate od whi 
time Cink can (ahdven Keays iredtiab ali jensen Oral telle 
Ae deeresrces att BS ee cteme bee Ristabect hd hes bebtee 
-eitdinly wrew hab ot toms inary tone Bemeitoweb erew aabus wet 
‘ale raat tt snes renee ons Gombeenittd vat Se heidivecsd Wer 
Ow ae SOT hs Bees meee wee 
eer of teres Sallie eit tines to ete eile alle 
—_ ae Ae te oe © J. eS ..T oe 
__, SRO teed se seatalld tayd So satires \dniatoe 
“LEI Sa ab temmeath 08 shen st eaew amdesiuateo me 


































"Tinian samen ea 
swtiraner i ver CD tence a! yurwnsl mize eel felt mente obite 
Pens HY Elgnen Te aed G8 ound nf sidwntent ume th badd os 
2) bre won 98 ha Da ew mM wumeae sehamun ap 
don et Semis arenes ed Pel? Poa wild gf tunes yiliveteed 
(oe mm! noma Ot 8 we V a 





[3 } —_ —_—— ae 





“ls 


frequency of the present -equipyont is limited to 22.1 mes. This 
momentum figure limite the energy of the orotens to about 10.9 Mev. 
Since the G~walve of the V°4(a,p)¥°* reaetion for the ground state 
is about 5.08 Mev, the maxisnm deuteron energy was linited to about 
6.5 Mev for the ground state. The minimum effective onerating 
voltage of the generator ia about bk lev. 

Between these two limits, we needed at least two basbarding 
energies widely enough separated to be of value in establishing the 
wass of the source of the groupse Thus, we arbitrarily chose to 
une Fg = 5000 Mevand kg = 5.7 Mew for the groum! to 1.10-mv 
levels and Ey © Se7h and Ey © 6.18 Mev for the 1.L0<Mev to 3.31- 
Yev levels. 

With these bombarding energies, about « third of the proton 
grows fell in the region of Hr creater than h};C, which 4s a region 
where the High Voltage groun hed operated very Little proviously. 
Inaceuracies were expected in this arse because of slicht field 
fringing at this high field setting. This effect anneared ory 
slight on the basis of our results. 

Thin region of hish Hr presented another problem in that, 
here, both protons and deuterons are energetic enough to penetrate 
the 60-nleron photographic emulsion and, thus, it would be inmos- 
sible to distinguish protons from deuterons on the basis of track 
lengths. Therefore, the photomranhic plates were covered with to 
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layers of LeSomt) aluecimon fotl, which was enough to stop deuterons 
and alpha-particles with this momentum, but it allowed the protons 
to pase through te the phetoprephic emilsions. 

In operating the equipment, our inexperience at first led uw 
into neverel pitfalls. when any target exposure fails to yiold 
weful information beeause of an avoidable mistake, the situation 
is disappointing, to say the least. More important is the fact 
that severel man-hours and mchinehours are wasted. Fhile it 
would be almost impossible to write completely detailed instructions 
for the operation of the equimment, the following “do's and don't's" 
could prove very useful to anyone knowing in generel the operating 
procedure and yet having little operating experience: 

1e Do not leave nuclearmtreck plates in the target 
reom wnless they are actually in the spectrograph. The high new 
tron flux in the room when the machine is operating eauses “imock- 
en" proton trecks in the emulsion at remion directions and makes 
accurate counting difficult or impossible. 

| 2. Position the target so that none of the target 
frame is visible through the “C" chanber window. The positioning 
is eritical, since the fram: can yield a high background if it 
“gees” both the beam and the "C" chamber. Also, the target yield 
ean be greatly reduced if the team mri on the target is not well 
aligned with the "C" chamber entrance. 
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30 Remember that above an fir of about 125 idlogause- 
centimeters, it is not possible to distinguish between deuterons 
and protons by track lengths, when using 60-micron film without 
aluwainum foile | | 

he If alucinum foil is used, it mst be as smooth as 
possible. Wrinkles tend to broaden the proton peaks and to ran- 
domise the engle of particle entrance into the emvision. If banana 
oil is used to stick the foil, remember that the eurface tension 
fants to suck" the of] over the plate, ruining the area tt covers. 
We found that attaching the foil to the plates with scoteh-tape 
tabs wee a preferable technique, as well as affording less danger 
to seretching the delicate ermlsion during the foil removals tabs 
on one edge act as a hinge after the other edge tabs were severed, 
thus allowing the foil to te lifted. 
| Se Tye lending giotes, sumscher test the mura, bes 
sem tie Cena’ fren tee eee of We ween nee oat aunt be 
atmosphere only when the platsholder is in the extrem in or extrem 
out position and the "0" chamber valve is closed. Opening the 
camera box to atmosphere at any other time will break the targets 
ty allowing 2 eudden rash of air te enter the target chamber via ts 
FC" ghanber. 
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part C. Target Preparation 

The tasgeta weed in this experiment consisted of thin layers 
of pure vanadium evaporeted onto thin Formvar backings which, in 
turn, Were supported on target frames (shown in Figures 5 and 6). 

The Formvar backing is prepared by dissolving about 1 cram 
of Formvar powder in 100 ec of ethylen dichloride. A drop ef this 
Solution placed on a smecth surface of distilled water form a thin 
film which can be dipped upon the terget frem. Film thicknesses 
of about a thousand Angstrem units can be mde in this fasion. Fe 
found after considerable experieme with the high temperatures 
developed ‘in the evaporation syoten that six double layers of the 
film were the minimum amount which would stand up under the venadium 
evaporation. The backings thus prepared are composed of carbon, 
oxygen, and a trece of nitrogen. 

The evaporetion system consists of a metal table upon which 
@ bell jar is mounted on an annular rubber gasket. The table houses 
@ liquid-eir trap, an ion vacuun gage, & thermocouple vacuum gage, a 
control panel, al heating circult, an orifice ani pluabing systen 
whieh leads to a mercury vapor pump, and ea mechanical fore pump. 

Your bronse rods screw vertically into the ten of the table 
to form the support for the target frams, heating wilt, and targst 
mterial. Two of the rods are “wired” to supply the hest for the 
evapora tione 
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On the first attempts to evaporate the vanedium, we supported 
about eight target frames on herizontal rods clamped to the min 
vertical rods. A 1/2~ineh carbon rod about 1" long was suspended 
between the wired rods by seens of two tantalum "adapters" shich 
held the carben rod with good electrical contact. The adapters 
were held firm by stainless-steel clamps to the horizontal bronze 
rods. The carbon rod was “necked down” in the center and a hole 
was mede in the top of this necked-down portion forming a "beat" 
in which to hold the vanadium pellete. ‘The boat formed a high 
electrical resistance and, hence, comentreted the heat under the 
vanadiume 

This method failed: If the heater current was brought up 
too Quickly, the vanadium apparently vaporised locally and shot 
eff "bullets" which broke the Formvar backings; if the heater cur- 
rent wae bronght up slowly enough, the vanadium melted uniformly, 
but it then made good electrical contact yith the carbon. The 
resistance lowered at this point so that the heating wes mo longer 
localized at the vanadium. 

Three steps were taken to improve the situation. First two 
brasa rings were fashioned to be supported by the vertical rods and, 
in turn, support concentric rings of target frames (see Figures 5, 
6, and 7). Care was taken curing installation to eenter the assenbly 
ami to keep approximately equal radial dietances from the evaporative 
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point. ith this “solid angle” mount, we were able to form an 


vwibrella of about tuenty target frams and thereby increase our 
probability of realising good targets on any single rum; such an 
installation would also seem desirable for scare® or expensive 
materials. %n addition, with such uniformity of intercepted solid 
angle, as Well as marly isotropic evaporation, we vere able to 
produce nearly homogeneous groupe of targets; thie is a distinct 
advantage, since many targets are invariably needed to complete 
one's data. Another attractive feature of the mount is that the 
rings ean be located at different radii, thus giving two distinct 
groupe of targete (thick ax! thin) for a single rum. 

Secomd, an adjustable tripod stam] (see Figure 12) with a 
hole in the center was made which sat over the heating elements, 
and on this were placed two Ieshaped pieces of aluatmum. Thus, ve 
were adle to form an averture over the spot where the vanadium was 
vaporised and to adjust the size of the aperture as desired by 
sliding the L-shaped pieces. This shielded the Formvar backtngs 
from tite heat ef the steel clamps, tantalum adapters, and carbon 
rod. Y% also reduced the hazard of target imourities from these 
BOUrced. 

Third, the idea of a carbon boat wae abandoned, and, instead, 
teo carbon rods, each about 2 inches long were suspended horizontally 
so as to "pinch" a vanadium pollet between the ends (see Figures 9, 
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10, and 11). ‘The adapters (Figures 9 and 11) were mde so that they 
could exert longitwiinal sering ferce cn the carbon roda, as well 
ae to tolerate toraion and expansion forces during the heating crcle. 

In the end ef one carbon red, @ smi hole wes grmmi to 16- 
ceive @ varadium pellet, amd the other rod was sharpened fer a point 
contact. <% wae foumi thet the varediur could then be fused to the 
femle rod after rhich the tep cover of tha carbon cavity was ground 
evay to afford better iectropie evaporation. The sali roi ws then 
groun! to marly a filament peint, moved into contact position 
against the venediun, and held um‘er comreasion by the tantalwa 
opring clamp. 

Thus, the heat was concentrated on the vanadium, forming an 
“atomic spray gum" aco to speaks the resistance did not change an- 
peeciadly throughout the run, am it was possible to mke very 
satisfactory targets with this arrangemnt. 

After the vanacdiwe wes deposited, the targets were coated 
agein with two deuble layers of Formvar. The resulting targets 
showed no siren of breakage under the beam after exrosures of arozursi 
4000 mierocoulombs. 
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Tit. THRORY AND COMPUTATIONS 


Part Ae (dp) Theory 
The (d,p) reaction was considered anomilouws for some tia 


in thet wave mechanics, which exolained harrier penetration nieely, 
was umble to account for the occurrence of (d,p) reactions at 
deuteron energies low with resnect to barrier height. 

The Opperheimer=Phillips explanation which appeared in 1935 
explained the penstration at low energies by assuming that the 
deuteron "stretches ovt" radially with the preton part repelled 
by the Coulomb) field and the neutron part continuing wnopposed by 
the field until the nevtren is absorbed and the proten is repelled. 
Thus, this stripping 1s more of a neutron-capture nrocess than a 
real (d,p) nuclear reaction. 

HNovever, at hicher energies, there is a greater chance that 
the whole deuteron is captured by the masleus. Then the nucleus 
ean re-amit a proton in & true (d,p) nuclear reaction. 

Tis, the term (d,p) reaction really ineludes two different 
proessases. The stripping reaction tende to emit protons in the for~ 
ward direction, whereas the nuclear reaction is isotropic. Our 
experimnt does not differentiate between the tro bocause our mas~ 
wements ere made at 90 degrees to the incident bean. 
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Part 3. Computations 
Figure 13 shows the vroten svectrum which resulted from the 


deuteren bombardment at 5.7); Meve The plot wes labeled by assicn- 
ing letters alphabetically to each noticeable peak. If a peak 
seemed to have substructure, the subveaks were numbered. Of these 
groups, only C seemed to be due to a known impurity. This seers to 
be the ground state of C1! trom the c43(d,p)clb reaction. The su 
vey was not continued to the point where the first c!#(d,p)c4 
peak should appear. All the groups were then examined, as described 
below. Another such plot was obtained for the proton peale down 
through F2 at deuteron energy of 5.00 ev. A third sush plot was 
obtained for the rest of the energy spectrum using a decteron 
energy of 6.15 Mev. 

In analysing these deta, it was noticed that the structure 
of the peaks did not reproduce itself exmetly from one energy te 
another. These small changes mde it impossible for us to apecify 
completely the multiplet structure at 0 and P, fer instance. Also, 
some: of the smiller groups, such as 5, did not reproduce clearly 
as peaks. 

Therefore, we set up the following stanierds to amily to a 
group before we called it a probable level in Y'*: 

le The peaks should have a wmaximm cowtt of about 20 
or more at each ef the two deuteron energies so as to be something 
appreciably different from random backgrowrl fluctvation. 
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2e The peaks shevld have a fairly clearly defined 
high-energy edge so that the 1/3 height could be well determined. 

3e The Q-value should be determined to an agreement 
of 10 kiLlovolts or lees from cemmtetions made from on? or more 
exposures at each of at least two cifferent energies. This require- 
ment is amarent from the foramls for \<value: 


G «s area * Mout 5) _ “oes — "in », (tem 90? emergence). 
“pes “bes 


Here for a given’ peak, both lipgs and Q are unknown so an 
energy shift in 2, is meassary to ie t¥o ppntan to deter 
mine the two unknowns. 

Tile third restriction is rather conservative in view of the 
probable error; however, 4% happened that all neake which met the 
first two requirementa alsc met the third. 

A sample U~valw calewlation ie shown here as follows: 
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Peak A, Plate 11N, Frequency 21.600 mes, Index 11.100, Ey = 5eThk 
Mav (obtained from calculation of elastically scattered peak). 


Index seale reading 11.100 
ry 0.823 
4 0.911 
2r 70.91; centineters 
r * 35.457 coms 
21-800 mes 


|; Silo lieneehaneeeneemeeeeemenenennnell bead 302 kilogauss. 
1.6516 mea/icilogause* oom 


Hem (13.175R)(35eh57) = 67.159 kllogause-centinetera. 


Bout:  10.38786 (proton energy tebles for Hr « 67 kg~cms) 





*» from calibration. 


** 4 in from tables of energy va. Hr . 
Here linear interpolation ig adequete 
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where: 
Higg = V% © $2.96165 (calewlated as shown) 
My, “8° = 2.01h735 (14 et al) 


Mout “gH? = 1.00822 (14 et a) 


The computation for the rass of V°" is as follows: 


vian © v2 « 7.305 mov (Dartholousr and Kinsey) 
ad *= antr+p = 22225 (semputes from data by 


IA et a1) 
y* - yr + (d= p) - 5.080 lev 
- sSo.g6os” + 1.006993 = 0.005K6 
yo" =  51.96165 
Therefore: 


@ = 1.019h0 E, = 0.96123 ¥,, 
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10259656 
~5 52131 
q 6075 
Relativistic correction O01 
Seorr = 5.076 “ev 


The relativistic correction to the classical <-waluse was 
determined according to the formula: 





g Meet 2 Ung? - Hy? iy Bo 
ae wee ta? me 


This positive correction was found to vary from about 0.8 kev for 
Eq = 5.7h Mev and § = 7 Mev to about lel kev for Bg = 6h8 and 
Ey = 10 Mev, so that this correction was mde by adding 1 kev to 
each classical U-value obtained. 


Part ©. Survey of Impurities 

In determining the W-valnes, we obtained agreement to wi thin 
10 kew for the values cdtained at the two different bombarding 
energies for each of the twenty proton grows. This agreement is 
better than could be expscted considering the prebable errors 
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assigned to the (-valucs. However, if this 42 is assumed to be 
caused entirely by the wrong assignment of iL, in the equation for 
Q-determination, we can combine Y-eqmations for two different values 
of Ex, to gives 


ag = cee Me) a, - (eee = “tn iB ay 
Mees “he a 


whieh, when solved for M., yields 


Mees © Mg SB + Hs, S8an . 
AQ + (484, = ABy) 
As@oming 62 = + 10 kev and the largest walu of 425, ve obtain 
an weerteinty in iM... of about 5 aa. 

Of course, this means that mathemticelly the \~values 
might have been caused by the (d,p) reaction with any nucleus of 
mass between L6é and %. 

The presence of any such impurity in en asount large enough 
to cause an tporeciable proton yiel goes not seem possibls, since 
the Formver backings have been investigated extensively in the 
laboratory and shom to contribute only C, 0, and faint § groups. 
The chemical analysis of the vanadiwa used in the evaporation is 
given by the Vanadiwa Corporation of America as: 
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Varadiva Metal 9.7 percent pure) 
v 9646 - 99.8 " 

Si -_= " 

re oo " 

Al less than .05 = " 

Ne less than «05 =" 

0, balance 


Here we need also note that vanadium is practically mono 
isotepic, consisting of 
ye ofl; percent. 


AS an additional check on the impurities, a proton elastic 
gurpvey wag wade of the actual target used. The survey extended 
from a mes of -© down through the carbon group. The plot of 
the survey is shown in Figure 1;. An analysis of the peaks is 
given below: (for Ein = 6-52 Mev) 














a 


ee a ee 7. 
Gea a aF, wmf ' % 


SPs a 


— 








— ah ptt ee me 
" et 
J ~ ot eoak & 
on Cn Ai epee —*) »* 
a - > 


sunset > 
cee ibeabbeaen 08 pithains tate as cals ta @ ou = 


we ove 











(well $2.0 = py vot) 


— ome e+ or" 


— — 
— = se 

SS!” | = =! an! 2 oe 
ques tt i, * 9° —_~~—_—— 4 Ga 
one of ar ewe oe © ae 


Bee's? — - «| 7mm 








ee a > dee 











'— 


C0 me Oo er were at he 











TT oe i 
« = -ee 
+ my 


‘__. =— oe 
_— =o 
ele 










) eT 
—— 
iy “ 





me pee + erty! at oe oe 
ee ne eet oe ce 8 
- 





o—_— =F & eee & ae 
6 — ae 





NUMBER OF PROTONS 


PROTON ENERGY IN Mev 
5.00 5.50 6.00 6.50 
| 


PROTON GROUPS FROM (p,p) 
SURVEY OF NATURAL V TARGET 


200 
yo! 
( 
X 0 
cl@ Q'6 
100 6 . 
5 
| 
int 
| | 
3 {I | 
ri) 
I ly} i 
| 
jl {2 
9 5441 | 





420 3.40 3.60 3.86 
He IN KILOGAUSS CENTIMETERS 





ax Leman 
Designation Proten Count Apparent Source 

1 is Rlastie scattering from ¥ 
rd 10 Elastic scattering fron » 
3 30 Elastic scattering fron ¥ 
L, 35 Elastic scattering from ¥ 
5 1S Elastic ecattering from i 
6 15 Elastic scattering from 
7 80 yol® (0.32) level 

8 15 vol" (O.h8) level 

9 40 Elactic scattering from 
yot Uy | 


167 


¥ Ff 


23 


Therefore, the elastio survey seems to show no trace of an 
impurity which could give rise to the peaks ascribed to Y°*. How- 
over, it is fair to point out that the very impurities, which could 
theoretically cause the proten groups, are the ones which would be 
very difficult to detect in the large V°- psak. 


Moreover, on the basis of the vanadiwa analysis and a consid- 


eration of the evaporation system, it is improveble that the groups 
tabulated Jeter could be caused by any other reaction than 
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Part De Probable Frrore 

The sesignernt of standard deviations or probable errors to 
the C-values determined wag not possible on a statistical basis, 
since the number of measurements was too emill to permit a statis~- 
tical treatment. 

An uncertainty was arrived at by examining each step of the 
precess by which a measurement is mde in this laboretory. These 
sowees of possible error were the value of Hr for voloniua 
alpha-particles, angle of incident beam with median plane of anm- 
lar menet, deviation of observation angle from 90 degrees, surface 
contamination of target, plate position, position of leading edge 
of group, stability of annular mgnetic field, stability of deflect~ 
ing magnetic field. An uncertainty was assigned at each step, and 
these sources of errore were compounded to give an over-all uncer 
tainty of the quantity masured. | 

ELictnd® made an aralysis of this sort for the measurenent 
of output energy and concluded that the fractional uncertainty is 
about 5.6:10,000. 

Turner”? made a statistical analysis for the measuresent of 
Lapel energy unll qumbetes vert the Gueertniaty in Gn seweent 
of input energy is about 0.1 percent. Although if Ey, is measured 
from elastic scattering, the uncertainty should be the same as that 
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so that the uncertainty in ( is the square root of the sum of the 
squares of two terms, each of which ia the product of an energy, 
ite fractiom] uncertainty, and ite mss retio factor (near unity 
for y°*.) 

For each Q-value, the highest value of Eg and Lip was chosen 
to give conservative results. This assums that the leading edges 
of all peaks were equally well definsd. The uncertainties all lay 
between 7.5 and 5.5 lav. 

The value of 6 kev seems conservative, as far as reproduci- 
bility of data is concerned, since eli of our .-values fell within 
5 kev of the average value. 

The uncertainty of the level values was the squire root of 
the sum of the squares of the grownd~state uncertainty and the peak 
ce-value uncerteinty. However, a smliler uncertainty in level sepa~ 
ration can be arrived at whenever peak separations can be measured 
on the sam plate. 
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Our levels confirm all of Bartholomew and Kinsey's levels 
within the uncertainties of the data. However, it 4# apparent that 
our values lie censistently lower than theirs. 

, Their work suggested thet the 0.8 level was really to Isvels 
with a sereration of 50 kev. There we have tro well-seperated 
groups at 0.780 and 0.83) Mv, a separetion of 5 kev. Aleo, their 
gima-rey peaks, F, J, and L, suggested possible levels which seem 
to correspond respectively with our 1.102, 2.307, and 2.818 levels. 
Ko peak was observed to correspon’ to their pamweray peak D. 
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of Bartholomew and Kinsey, and those of Abramov: 
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